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MULTIPLE MODE DIRECT CONVERSION RECEIVER 

Field of the Invention 

The present invention relates generally to multiple-band wireless commmiication 
devices and systems. More particularly, the present invention relates to multiple-band wireless 
communication devices and systems incorporating direct conversion rather than 
superheterodyne circuitry. 

Background of the Invention 

Aslhe field of wireless coimiinicatioiis^ continues to develop at a rapid paceT the 
increasing number of systems and frequency bands in use conflicts with the consumer demand 
for increased mobility. That is, a problem results when different consumers subscribe to 
wireless communication systems using different technical standards. To avoid this problem, 
global standardized systems have been proposed in which the same frequency band is in use 
by all wireless communication systems. However, this solution is impractical because wireless 
communication systems are operators desire to maximize the return on their investment in the 
many different systems which ateady exist or which are already under development. Further, 
history suggests that it would be extremely difficult for all manufacturers to agree on a single 
standardized systein. 

An alternative solution to the problem of maximizing mobility where multiple wireless 
communication systems exist is to incorporate dual-or multi-mode capabilities m a wireless 
communication device to enable a subscriber to communicate on different wireless 
communication systems. This solution is particularly desirable where the different wireless 
communication systems operate at different carrier frequencies or frequency bands, but use 
the same modulation scheme and same baseband processing scheme. The well-known Global 
System for Mobile communications (GSM), Personal Communication Services (PCS), and 
Digital Communication System (DCS) systems share such similarities. 

However, almost all known wireless communication devices are of the single-band 
type, because it is difficult to incorporate multi-band capabilities into a wireless 
communication device, given the size and cost limitations of typical devices. Further, most 
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wireless communication devices use receivers which incorporate superheterodyne circuitry, 
in which received signals at a first frequency are converted to one or more second, 
intermediate frequencies for processing by the receiver. The intermediate frequencies can 
differ substantially from the first frequency. An exemplary known superheterodyne receiver 

5 is shown in FIG. 1, in which signals are received at an antenna 10, filtered inla band-pass 
filter 12, amplified in an amplifier 14, and converted to a first intermediate frequency by local 
oscillator LOl and mixer 16. The signal at the first intermediate frequency is thein^processed 
by band pass filter 18 and an5)lifier 20, and converted to a second intermediate frequency by 
local oscillator L02 and mixer 22. This second frequency sig^ is filte]i^ 

10 band pass filter 24 and is processed by further chrcuitry (not shown). Because^ a 
superheterodyne receiver processes signals at multiple frequencies, it is difficult to provide 
multi-mode capabilities without duplicating many receiver hardware components. 

Accordingly, it would be desirable for a wireless commimication device to be able to 
receive signals at multiple frequency bands while minimizing the duplication of receiver 

15 hardware. 

Summary of th? Inventwn 

The present invention overcomes the above-described problems, and provides 
additional advantages, by providing for a wireless communication device which can receive 

20 signals at multiple frequency bands without requiring significant hardware duplication. To 
achieve this result, the wireless conununication device according to the present invention uses 
direct conversion, wherein the use of intermediate frequencies is either eliminated or any 
frequency conversion is limited to frequencies within the bandwidth of the received signals. 
According to a first embodiment of the present invention, a multiple-band 

25 conununication receiver includes an antenna or other receiving means for receiving 
commimication signals on one of a plurality of frequency bands; one or more band pass filters 
for filtering communication signals in each of the plurality of frequency bands; amplifiers for 
selectively amplifying filtered communication signals in one of the plurality of bands; one or 
more quadrature generators for generating in-phase and quadrature signals from the amplified 



2 



wo 99/01933 . 

PCT/SE98y012IS 



signals; low pass filters for filtering the in-phase and quadrature signals; and baseband 
processing circuitry for processing the low-pass filtered in-phase and quadrature signals. The 
quadrature signals are within the frequency range of the received signals. 

In accordance with the invention, certain portions of the receiver circuitry are re-used 
5 to simplify the cu-cuit. Thus, further embodiments of the invention are disclosed in which 
low-noise amplifiers are divided into frequency-specific amplifier portions and generic 
amplifier portions and in which mixers, quadrature generators, and/or voltage-controlled 
oscillators are re-used. Because direct conversion principles are employed, low pass filters 
can be used to filter the quadrature signals in place of the band pass filters required in a typica 1 
10 supefheterodyH67^iver. SM^Tlow p^s fflteii are more^easily impl^ent^"than band pass 
filters, the receiver circuit can be further sinqjlified. 

Brief D&scriptioii nf th e Drawing s 

A more complete understanding of the present invention can be obtained upon reading 
15 the foUowing DetaUed Description of the Preferred Embodiments, m conjunction with the 
accompanying drawmgs, in which like reference mdicia are used to designate like elements, 
and in which: 

FIG. 1 is a block diagram of a conventional superheterodyne receiver; 

FIG. 2 is a block diagram of a du-ect-conversion receiver according to a first preferred 
20 embodiment of the present invention; 

FIG. 3 is a block diagram of a direct-conversion receiver according to a second 
preferred embodiment of the present invention; 

FIG. 4 is a block diagram of a direct-conversion receiver according to a third preferred 
embodiment of the present invention; and 

5 is a block diagram of a direct-conversion receiver according to a fourth 
preferred embodiment of the present invention. 
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Detailed Description of the Preferred Embodiin^nts 

FIG. 2 shows a block diagram of a direct conversion receiver according to a first 
preferred embodiment of the present invention. The receiver includes an antenna 10 for 
receiving signals and a bandsplitter 30 for splitting the received signals into first and second 

5 bands. First and second band pass filters 12a and 12b filter the split signals in the fiirst and 
second bands, respectively. These band pass filters are ft^equency (band) specific, and can be 
omitted if the receiver linearity is relatively high. Alternatively, bandsplitter 30 can be 
omitted if band pass filters are used. In most cases, band pass filters are desirable to rninimize 
PPwer consumption. As another alternative, a single multibmd filter havi ng one input and 

10 multiple outputs (one output per band) could replace the bandsplitter 30 and band pass filters 
12a and 12b. The filtered signals onppxxt by filters 12a and 12b are supplied to processing 
units 32a and 32b, respectively, which convert the bandpass-filtered signals into baseband 
signals for fiirther processing. Processing vmits 32a and 32b generate in-phase and quadrature 
components of the signals in the first ft^equency band or second ft-equency band, depending 

15 upon which band is selected. Band selection can be performed by the subscriber ot by a 
control signal supplied with the received communication signal. Included within processing 
units 32a and 32b are low-noise amplifiers 34a and 34b, respectively, and mixing circuitry. 
Since the mixing circuitry of each processing unit 32a and 32b is substantially identical, the 
mixing circuitry of processing unit 32a only will be described. The mixing circuitry of 

20 processing unit 32a includes a voltage controlled oscillator (VCO) 36a for generating an 
oscillator signal, a quadrature generator 38a for separating the oscillator signal into in-phase 
(I) and quadrature (Q) components (i.e., signals separated by 90° in phase), and mixers 40a 
and 41a for mixing the I signal and Q signal, respectively, with the an^lified signal output by 
amplifier 34a. The mixing circuitry of processing unit 32b similarly outputs I and Q signals 

25 in the same frequency band. The quadrature generators 38a and 38b generate quadrature 
signals which drive the mixers. 

In accordance with the direct conversion principle, the frequencies of the signals output 
by mixers 40a,b and 41a,b are within the same frequency range as the bandwidth of the 
received signals. Thus, oscillators 36a and 36b are in the same frequency range as the 
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received signals, although the first and second bands can have different bandwidths. As a 
result of the direct conversion principle, many hardware components of the receiver can be 
re-used, since there is no conversion of signals to an intermediate frequency outside nf 
frequency rang? of the bandwidth of the received signals. In the embodiment of HG. 2, the 
low pass filters 42a and 42b are re-used. 

The in-phase (I) signals and quadrature (Q) signals output by the selected processing 
unit are provided to an in-phase low pass filter 42a and a quadrature low pass filter 42b, 
respectively. These low pass filters 42a and 42b preferably have programmable bandwidths 
to enable the receiver to accommodate two bands having different bandwidths. The filtered 
I and 0 MgnSs are then passed to baseband processing circuitry il7wtoic^^ conventional 
baseband processing circuitry as is well-known in the art. It will be appreciated that since 
direct conversion avoids the use of intermediate frequencies outside of the r^^ g^ of the 
received signals, the signals output by processing units 32a and 32b can be filtered in low pass 
filters rather than band pass filters. In contrast, because a superheterodyne receiver uses 
intermediate fi-equencies outside of the range of the received signals, band pass filters are 
necessary. This difference provides a significant advantage, since low pass filters can be 
implemented more easily than band pass filters, and programmable low pass filters are more 
easily implemented than programmable band pass filters. Because the channel selection 
filtering can be performed with programmable low pass filters, it is possible to implement a 
dual band receiver with the two bands having different bandwidths. A low pass filter can be 
designed relatively easily with a programmable bandwidth if it is integrated either as an analog 
or as a digital filter. In contrast, bandpass filters are typically discrete filters which c annot be 
programmed for different bandwidths. Further, the relatively simple architecture of the direct- 
conversion receiver of FIG. 2 simplifies the frequency planning of the wireless communication 
device. It should be appreciated that while a two-band receiver is shown, the principles of the 
invention can be applied to design a receiver having three or more bands. 

FIG. 3 shows a block diagram of a second embodiment of the present invention. In 
this embodiment, a single mixing circuit, with a single voltage controlled oscillator (VCO) 36 
and mixers 40 and 41, is used to mix the an^lified signals generated in each frequency band. 
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The mixing circuitry generates in-phase (I) and quadrature (Q) signals which are filtered in 
low pass filters 42a and 42b. In this embodiment, the VCO 36 should have a relatively large 
bandwidth, sufficient to include all of the frequency bands which the receiver is capable of 
receiving. Alternatively, the VCO 36 can be switchable between multiple oscillation 
5 frequencies. Also, the quadrature generator 38 can be replaced by a frequency divider which 
generates quadrature local oscillator (LO) signals from the oscillation signal generated by VC O 
36. By dividing a signal's frequency by two, it is possible to generate two quadrature signals. 
A differential signal at a frequency 2f is divided by two, and the rising edge of each signal 
controls^&e^ge^^^ 

10 of a wavelength at frequency f. the resulting signals are quadrature signals. If a fr^uency 
divider is used, the VCO 36 must operate at an appropriate multiple of the desired LO 
frequency; for example, for a quadratore generator operating at one or two frequencies, the 
frequency divider divides by 2 or 2 and 4, respectively. This approach can requfre a better 
semiconductor process with a higher fy or a higher current consumption; however, tius 

15 approach is a robust wideband implementation and can reduce spurious emissions. While this 
embodiment shows the use of a single quadrature generator and a single VCO. it should be 
appreciated that multiple VCO's (with appropriate switching means) can be used with a single 
quadrature generator, or multiple VCO's can be used with multiple quadrature generators, or 
a single VCO can be used with multiple quadrature generators. 

^0 FIG- 4 shows a block diagram of a thurd embodiment of the present invention. This 

embodiment is substantially similar to the embodiment of FIG. 3, except tiiat tiie amplifier 
means is divided. In particular, the low noise amplifiers 34a and 34b are bandspecific, and 
a low noise amplifier 34c is provided which is generic for two or more bands, or which 
includes a portion of a low noise amplifier such that a combination of, for example, 34a and 

25 34c form a complete low raise amplifier (in otiier words, a portion of a low noise amplifier 
can be common to multiple bands). Splitting the low noise amplifier means into band-specific 
and generic components aUows the first portion of the low noise amplifier means (amplifiers 
34a and 34b) to provide a band select function, and reduces the overall circuit complexity by 
re-using a portion of the low-noise amplifier circuitry. If tiie multiple-band receiver is to 
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receive GSM and DCS signals, it is preferable to use bandspecific LNAs for each band 
because current consumption will be less in the GSM LNA compared to the DCS LNA: 
therefore, the current consumption of the receiver can be reduced by using a split amplifier. 

FIG. 5 shows a block diagram of a fourth embodiment of the present invention. The 
embodiment of HG. 5 shows a three band receiver for receiving signals on three bands (e.g., 
GSM. DCS, and PCS). This embodiment combines the features of the embodiments of FIG. 
2 and FIG 3; it will be appreciated that other combinations can be designed. In this 
embodiment, the bandsplitter 30 splits the received signal into three bands, and band pass 
filters 12a, 12b, and 12c filter the split signals as appropriate for the three bands (in this 
exSmplerOSWDCS; Snd PCSrr^p^ 
unit 32a which is substantially identical to the similarly-designated unit in HG. 2. Processing 
unit 32a outputs in-phase (1) and quadrature (Q) signals to in-phase and quadramre low pass 
filters 42a and 42b, respectively. The DCS and PCS branches of this circuit include separate 
low-noise amplifiers 34b and 34d, and a single mixing circuitry unit that includes a tunable. 
15 programmable, or switchable high bandwidth VCO 36 as described above with respect to FIG. 
•4. The common mixing circuitry unit generates in-phase and quadramre signals and provides 
these signals to the in-phase and quadramre low pass filters 42a and 42b, respectively. 

It will be appreciated that many circuit combinations other than those described above 
can be designed in accordance with the principles of the present invention. . For example, the 
20 embodiment of FIG. 5 could easUy be modified to include band-specific and common low- 
noise amplifiers for the branches sharing a single mixing circuit and VCO. By providing for 
a relatively low number of firequency conversion operations, each of which results in a 
frequency within the frequency range of the bandwidth of the received signals (i.e., direct 
conversion), significant signal processing advantages can be achieved. In particular, a 
25 multiple-mode communication receiver can be greatly simplified with components such as 
LNAs, quadrature generators, mixers, VCOs and low pass filters re-used. Further, as a result 
of using the direct conversion principle, low pass filters can be used in place of the band pass 
filters typically required for superheterodyne circuitry. Because programmable low pass filters 
are more easily implemented than band pass filters, the receiver circuitry can be further 
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simplified. 

While the foregoing description includes numerous details and specificities, it is to be 
understood that these are for piirposes of explanation only. Many modifications will be readily 
apparent to those of ordinary skill in the art which are clearly within the spirit and scope of 
the invention, as defined by the following claims and their legal equivalents. 
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WHAT IS CLAIMED IS: 

1. A multiple-band communication receiver, comprising: 

receiving means for receiving communication signals on one of a plurality of frequency 
bands, the received communication signals having a bandwidth; 

amplifier means for selectively amplifying the received communication signals in one 
of the plurality of bands; 

quadrature generation means for generating in-phase and quadramre signals from tiie 
amplified signals; 

1°^.^^ ^'^'^^^S "^^^/^'^ ^^^^ in-phase and quadrature signals; and 
baseband processing means for processing the filtered in-phase and quadramre signals. 

2. The receiver of claim 1, further comprising band pass filtering means for filtering 
communication signals in each of tiie plurality of frequency bands. 

3 . The receiver of claim 1 , wherein tiie quadrature generation means mcludes mixing 
means for mixing tiie amplified signals witii m-phase and quadrature oscillator signals, tiie 
oscillator signals bemg of a frequency witiim tiie bandwidtii of tiie received communication 
signals. 

20 4. The receiver of claim 1, wherem tiie low pass filtering means includes a low pass 

filter having a programmable bandwidth. 

5. The receiver of claim 1 , wherein the quadrature generation means includes a single 
voltage controlled oscillator. 



25 



6. The receiver of claim 1, wherein tiie quadrature generation means includes multiple 
voltage controlled oscillators. 

7. The receiver of claim 1, wherein the amplifier means includes at least one band- 
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specific low noise amplifier for each of the plurality of frequency bands. 

8. The receiver of claim 7. wherein the amplifier means further includes at least one 
common amplifier for amplifymg signals output by the frequency-specific low noise 
amplifiers. 

9. The receiver of claim 1, wherein the quadrature generation means includes a 
quadrature generator shared between two or more of the plurality of frequency bands. 

10. The receiver of claim 1, wherein the quadrature generation means includes multiple 
quadrature generators. 

1 1 . The receiver of claim 1 , wherein the quadrature generation means includes at leas t 
one oscillator having a selectable oscillation frequency. 

12. The receiver of claim 1, wherein the quadrature generation means includes at least 
one oscillator and a frequency dividing means for dividing an oscillator signal generated by 
one of the at least one oscillator. 

13. The receiver of claim 1, wherein the plurality of frequency bands each has a 
different bandwidth. 

14. A method for receiving a communication signal, comprising the steps of: 
receiving a communication signal in any one of a plurality of frequency bands, the 

conmiunication signal having a bandwidth; 

band-pass filtering the received conamunication signal; 
amplifying the band-pass filtered signal; 

mixing the band-pass filtered signal with in-phase and quadrature oscillator signals to 
generate an in-phase and a quadrature received signal; and 
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low pass filtering the in-phase received signal and the quadrature received signal 
in a low pass in-phase filter and a low pass quadrature filter, respectively. 

15. The method of claim 14, wherein the in-phase received signal and the quadrature 
received signal are within the bandwidth of the communication signal. 

16. The method of claim 14, wherein the low pass in-phase filter and the low pass 
quadrature filter have programmable bandwidths which can be changed to accommodate 
commimication signals of different bandwidths. 

17. The method of claim 14. further comprising the step of generating the in-phase and 
quadrature oscillator signals from an osciUator having a variable oscillation fi-equency prior 
to the step of mixing. 

^5 18. The method of claim 14, wherein the step of amplifying is performed by first 

amplifying the band-pass filtered signal in a frequency-specific low noise amplifier, and then 
amplifying the first amplified signal m a generic low noise ampUfier capable of amplifying 
signals having different frequency ranges. 

20 19. The method of claim 14, fiirther comprising the steps of generating a first oscillator 

signal and frequency-dividing the first oscillator signal to generate the in-phase and quadrature 
oscillator signals prior to the step of mixing. 
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